INTRODUCTION {#sec1-1}
============

Choledochal cysts (CDC) is a common biliary disease in children, which is related to the anomalous junction of pancreaticobiliary duct, biliary wall weak and distal choledochal duct obstruction.\[[@ref1][@ref2][@ref3][@ref4]\] The incidence of CDC shows significant geographic variation, being higher in the Asian population and reaching up to 1 in 1000.\[[@ref5]\] The pathological changes include biliary dilation, anomalous junction of pancreaticobiliary duct, ectopia of the distal opening of duodenum papilla, pancreatic tube malformation and so on. Complicating with the formation of the protein plugs and/or stones which is the direct cause of biliary obstruction and pancreatitis is one of the most important pathological features.\[[@ref6][@ref7][@ref8][@ref9]\] Before 1979, Roux-en-Y cystojejunostomy was used for the treatment of CDC. Then cystectomy and hepaticojejunostomy or hepatico-jejuno-duodenostomy has been carried out in clinical practice. Laparoscopic surgery was started in 2006 and nowadays becomes a routine procedure for the treatment of CDC.\[[@ref2][@ref10][@ref11][@ref12][@ref13]\] However, laparoscopic clearance of the obstruction in the common channel in fusiform CDC has always been a difficulty. This study was to assess the plausibility of combining laparoscopy and endoscopy for the obstruction of common channel in congenital fusiform biliary dilatation.

MATERIALS AND METHODS {#sec1-2}
=====================

General Data {#sec2-1}
------------

Between June 2006 and June 2012, 18 patients with congenital fusiform CDC were analyzed. The group comprised 10 females and 8 males with a median age of 6.5 years (range, 1-year 8 months-14 years) at the time of cyst excision. The main clinical symptoms included abdominal pain (*n* = 18), vomit (*n* = 15), jaundice (*n* = 13) and acholic stool. The protocol of the present study was approved by the Institutional Review Board of Capital Institute of Pediatrics.

Preoperative Examination {#sec2-2}
------------------------

Of the 18 patients, all the 18 patients with abdominal pain occurred elevated serum and urinary amylase and hyperbilirubinemia was found in 13 patients. All the included 18 patients was showed fusiform biliary cysts and doubtful sediments of the distal biliary system by preoperative ultrasonography and computed tomography (CT) of the abdominal cavity. Nine patients was found filling defect of the common channel and suspected the existence of stones by magnetic resonance-cholangiopancreatography (MRCP) \[[Figure 1](#F1){ref-type="fig"}\].

![Magnetic resonance-cholangiopancreatography demonstrates fusiform CC (D), filling defect (F), and pancreaticobiliary reflux (P)](JMAS-12-93-g001){#F1}

Surgical Methods {#sec2-3}
----------------

Intubating stomach tube and catheter before operation.The patients all took recumbent head high supine position, and monitor was located in the side of the head.Firstly, a 5 mm longitudinal incision was created in the navel on abdominal wall, and a 5 mm Trocar were inserted with open stylel. CO~2~ pneumoperitoneum was created at the pressure of 10-12 mmHg. Then three additional 5 mm trocars was inserted respectively at subcostal region at the right midclavicular line, 4-10 cm below the above port and left subcostal region.Cholangiography: The gall bladder was exteriorized through the right subcostal port site, incised, and inserted catheter into gall bladder for sampling of the bile and cholangiography. 38% meglumine diatrizoate was injected into gallbladder through the catheter to determine the anatomy of the biliary and the pancreatic duct system, and confirmed the shape of the cyst, filling defect of the common channel and visualization of the pancreatic duct \[[Figure 2](#F2){ref-type="fig"}\]. 18 patients showed filling defect and dilatation of the common channel by intraoperative cholangiography. Of the patients, 13 presented simple common channel dilatation, and 9 showed above image associated with pancreatic duct dilatation. 14 patients common channel openings located in the junction of the second and third portion of the duodenum \[[Figure 2](#F2){ref-type="fig"}\], four located in the third portion of the duodenum, and all shared the same image the long common channel. Complete obstruction in the common channel exsist in 1 case, and intrahepatic small capillary biliary duct showed clear development \[[Figure 2](#F2){ref-type="fig"}\].Under the laparoscopic monitoring, we dissociated the full-layer of the cyst till the till the distal duct of choledocho. Then we made an lateral incision in the front wall of the cyst. Through the incision we inserted choledochoscope or urethrascope \[[Figure 3a](#F3){ref-type="fig"}\] into the far end of the common channel. Laparoscopy combined with endoscopy for biliary exploration, rinsing and stones removing and crushing \[Figures [3b](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\], till thorough clearance of protein plugs and/or stones in the common channel \[[Figure 5](#F5){ref-type="fig"}\], then choledochoscopy and urethroscopy can smoothly enter duodenum through the duodenal papilla \[[Figure 6](#F6){ref-type="fig"}\]. Ligating at the junction of choledochal duct and pancreatic duct, and then removed the cyst completely.Laparoscopic hepatic duct jejunum Roux --- Y anastomosis according to the method of our previous reports.\[[@ref12]\] Roux-Y jejunojejunostomy was performed extracorporeally through umbilical incision (2 cm), and an end to side anastomosis was carried out intracorporeally.

![Intraoperative cholangiogram demonstrates fusiform CC (D), filling defect, the common channel dilatation, pancreaticobiliary reflux (P), intrahepatic bile duct (B)](JMAS-12-93-g002){#F2}

![(a) an urethrascope inserted into chongchannel (vertical arrow). (b) Stons in common channel found by endoscope (horizontal arrow)](JMAS-12-93-g003){#F3}

![removed stones combined laparoscopy with urethrascopy](JMAS-12-93-g004){#F4}

![The common channel clearly](JMAS-12-93-g005){#F5}

![Endoscopy can smoothly enter duodenum through the duodenal papilla](JMAS-12-93-g006){#F6}

Follow-up {#sec2-4}
---------

The follow-up time after operation for fusiform CDC ranged from 3 months to 6 years. Their clinical symptoms, laboratory investigations and imaging investigations were analyzed retrospectively.

RESULTS {#sec1-3}
=======

A total of 18 patients with congenital fusiform CDC underwent laparoscopic and endoscopic procedures successfully. Laparoscopic cyst excision and hepatojejunostomy was performed. Obstruction of the distal common channel was relieved. The symptoms of abdominal pain and vomit disappeared after operations. Jaundice gradually decreased for about 3-8 weeks (median 5 weeks) postoperatively. Postoperative biochemical examination showed that amylase recovered to normal level for about 4-9 days (median 4.5 days) and transaminase for about 2-5 months (median 3.3 months). The postoperative ultrasound, CT and magnetic resonance imaging examinations of all patients showed that there was no biliary dilatation and sentiments in the distal biliary system, no filling defect in the common channel. During the period of follow-up, there was no cholestasis, biliary duct stones, cholangitis, protein plugs and/or stones in common channel and pancreatitis.

DISCUSSION {#sec1-4}
==========

Many authors reported protein plugs and/or stones in the common channel in children with congenital fusiform biliary dilatation, which resulted in common biliary obstruction and caused clinical symptoms.\[[@ref14][@ref15]\] The abdominal pain is a main symptom of our 18 patients. Of the patients, elevated serum and urinary amylase occured in 13 patients when abdominal pain appeared. These findings are in accordance with the reports of Ando *et al*.\[[@ref16]\] On the other hand, we speculate that the protein plugs and/or stones in the common channel may have some correlation with the level of serum and urinary amylase, because the serum and urinary amylase increased when abdominal pain appeared. This also suggested that the abdominal pain and the increase of serum and urinary amylase have an important clinical significance in the diagnosis of protein plugs and stones in the common channel.

Preoperative ultrasound examinations and CT examinations indicated fusiform CDC and doubtful sentiments in the distal biliary system. Among 14 patients undergoing MRCP examinations, 9 patients showed filling defect in the common channel and were suspected the existence of stones. Intraoperative cholangiography presented filling defect and dilatation of the common channel in 18 patients, which showed that intraoperative cholangiography is a reliable means in diagnosis of protein plugs and/or stones in the common channel. Through laparoscopic and endoscopic exploration, the shape of protein plugs and/or stones in the common channel could be clearly seen and could be cleared thoroughly. Consequently, laparoscopic and endoscopic exploration is the direct evidence of diagnose protein plugs and/or stones in the common channel. Furthermore, preoperative and intraoperative radiographic examinations are also important, and intraoperative cholangiography is a necessary means to avoid misdiagnosis.

Protein plugs and/or stones in the common channel can cause obstruction in the biliary and pancreatic ducts, intrahepatic cholestasis and pancreatitis. Secondary cirrhosis which occurred in the later period is the main reason of CDC combined with liver damage.\[[@ref17]\] Biliary cirrhosis caused by CDC, to some extent, is reversible. Indicators of liver function can recover to normal level, when obstruction was relieved after operation. Therefore, the clearance of protein plugs and/or stones in the common channel can release obstruction of biliary and pancreatic ducts, and the lesions that lead to liver damage. The follow-up showed that after the clearance of protein plugs and/or stones in the common channel, no cholestasis, biliary duct stones, cholangitis, protein plugs and/or stones in the common channel and pancreatitis recurred. The long-term prognosis of our study was satisfactory.

Ando *et al*. reported that protein plugs and/or stones in the common channel can be cleared successfully by saline rinse.\[[@ref16][@ref18]\] Our center also reported clearance of protein plugs and/or stones in the common channel and biliary ducts by laparoscopic intubation.\[[@ref18][@ref19]\] However, we supposed that there are several limitations in this technology, which was listed as follows. Firstly, it\'s easy to rinse fragile protein plugs, whereas to rinse and remove stones may be much more difficult. Secondly, without direct vision we can't assess the patency of common channel directly. Thirdly, intraoperative cholangiography is needed again after rinsing. So, we recommend the use of laparoscopy combined with endoscopy for biliary exploration, rinsing and removing stones unless it\'s subjected to limited conditions (there\'s no choledochoscopy and urethroscopy). Previous studies said that the use of laparoscopy and endoscopy for stone removing in adult surgery.\[[@ref20][@ref21]\] This technique in pediatric surgery is strictly subjected to the age of patients, because the diameter urethroscopy is thick.

We adopted laparoscopy combined with endoscopy for biliary exploration. Under direct vision, protein plugs and/or stones in the common channel was removed thoroughly. Then choledochoscopy and urethroscopy can smoothly enter duodenum through the duodenal papilla. The protein plugs and/or stones in the common channel can be clearly seen under the scope, and we can clarify the diagnosis easily. We can adopt this technique for biliary rinsing, stones crushing and removing under direct vision. In addition, it is a direct and reliable means for clearance of protein plugs and/or stones, and that avoided intraoperative cholangiography once more. All patients were followed-up at least 3 months postoperatively, and no patients presented abdominal pain, elevated of amylase and reoccurrence of protein plugs and/or stones in the common channel and pancreatic ducts, which suggested this technique was safe and effective to release of obstruction in the common channel, and long-term efficiency was satisfactory.

This research presents that obstruction (protein plugs and/or stones) of the common channel might exsist in children with congenital fusiform CDC. Patients mainly presented abdominal pain, elevated serum and urinary amylase when abdominal pain appeared. Radiographic examination indicated filling defect and dilatation of the common channel. Intraoperative cholangiography can further define the obstruction in the common channel. The combination of laparoscopy and endoscopy can release the obstruction in the common channel completely. The long-term results were satisfactory.
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